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|dentification and Expression Analysis of the Ubiquitin

Activating Enzyme Gene Family in Maize
ZHAO Qiu—fang, JIA Li-qiang, MA Hai-yang, CHEN Shu, CHEN Hong-liang
(Institute of South Subtropical Corp Research, Chinese Academy of Tropical Agricultural Science/
Key Laboratory of Tropical Fruit Biology, Ministry of Agriculture, Zhanjiang 524091, China)

Abstract: Four ubiquitin activating enzyme(UBA) genes which designated as ZmUBA1-4 were identified from
the whole genome of B73 maize by using bioinformatics method. The polypeptide lengths of the ZmUBA genes
ranged from 1 030 aa to 1 056 aa, and their predicted molecular weights ranged from 114.63 kD to 117.39 kD. The
predicted pl had a range of 5.18 to 5.8, and all of the ZmUBA genes contained 5 introns. The predicted secondary
structure suggested that the main structure of four proteins were alpha helix and random coil. The subcellular local -
ization analysis showed that all of the ZmUBA proteins were located in the nucleus. Real-time qPCR assay showed
that ZmUBA1 gene was co—expressed in roots, stems, leaves, male spikes and female ears, the highest expression
level of ZmUBA2 and ZmUBA4 were occured in the male spikes and ZmUBA3 occured in leaves, and three genes
showed tissue specific expression. The exression of ZmUBA3 was up—-regulated under salt and low temperature
stresses, and ZmUBA4 gene was down—regulated under salt stress, These results indicated that ZmUBA3 may be in-
volved into plant response to salt and low temperature stresses, and ZmUBA4 only involved into plant response to
salt stress.

Key words: Maize; Ubiquitin activating enzyme(UBA) gene; Phylogeny analysis; Gene expression
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Tablel Primer sequences used in quantitative real—time PCR analysis of UBA genes of maize

BRI APk EmGIH)(5-3) S 51 #)(5-37) B JGRLE(C) T (bp)
Gene name Forward primer(5'~3") Reverse primer(5°-3") Annealing temperature Product length
ZmUBAI ~ TGCACAGAAGCTGATAGACCT AACCTCCTGGCCTACAATACCG 54.3 163
ZmUBA2 ~ TCTCTGCCAGTTGAACCGTTG ACATCCAAGAGCCCCAGAACC 53.9 147
ZmUBA3 ~ ACCGTGCTTCTCCAGATACCG AGTACAGGCACCTCATGTCC 54.0 123
ZmUBA4 ~ ACCAAGAAACTACCTCCGAGA TTTGCCTTCAGCTTGTCAACC 53.4 149
ACTIN TCACTACGACTGCCGAGCGAG GAGCCACCACTGAGGACAACATTAC 56.4 348
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KA RN A $2EUR ) S H2HCF K B RNA B
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Y157 Jue D, et al. CHKEETT, S50 T 519 L
WA TAEY TRAFG B, 517 50E B #
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WL, JCH MZEME K 2 pLo PCR W AR F N, 95°C T
AEVE 30 s,95°C7EYE 5 s, 60°CIE & 30 s, 72°C ZE i 30
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Table 2 Information on UBA family genes in maize

LR HE N A G QR E

HER T[] FLNIE (bp)

. CDS(bp)

Gene name Number of gene model Chromosomal location Gene direction Gene length

ZmUBA1 GRMZM2G057441 Chr10:1152579-1158548 reverse 5970 3156

ZmUBA2 GRMZM2G111818  Chr4:183621685-183628112 reverse 6428 3171

ZmUBA3 GRMZM2G134480  Chr7:174785186—174790941 forward 5756 3153

ZmUBA4 GRMZM2G135337  Chrl:45782959-45789351 reverse 6393 3093
o AT D) el AR PRk

Gene name  Number of amino acids Molecular weight Isoelectric point  Instability index Grand average of hydropathicity
ZmUBA1 1051 116.96 5.80 35.51 -0.259

ZmUBA2 1056 117.39 5.18 34.65 -0.240

ZmUBA3 1050 116.45 541 34.37 -0.201

ZmUBA4 1030 114.63 5.46 32.54 -0.149

Y8 O A LR IT UBA 5% 5 R 1Y 8 LR T
GIAE TR A FE R 20 rh R 3 1 4> K UBA BRI
Ay Wi 44 R ZmUBAI ~ ZmUBA4 , I3 He e (8,44 v
BT ] CDS Fa FE AL B S B PR BT kA T 43
Br(#2). 3R 1A%, 44> ZmUBA SE R 53 ) i
10.4.7 15 4efa i FER K EAE 5 756 ~ 6 428 bp,
CDS 7E 3 093 ~3 171 bp, & W2 % H #£ 1 030 ~
1 056 aa, & [ TH1E 114.63 ~ 117.39 KD, #3E %

FALL o ZmUBAI . ZmUBA2 . ZmUBA4 () 3 R J7 1] g
JIA), ZmUBA3 W5 A J7 17 2 1E ) . 41 ZmUBA 2
125 L 5 7 5.18 ~ 5.80, ) S B s ANFa e 8 BfE
32.54 ~35.51, ¥ My R € 8K 5 i K PR TE - 0.259 ~
0.149, ¥ HK MR A . JEFL5H T2 SRR 4
A~ ZmUBA BB & A SAWE T 640 7, HIt
PR g Rt AR AL (A 1)

ZnUBAI — — - -

ZmUBAY — N - p—

ZmUBA3 — - — — -

ImUBA4 ] — - —_ —— )
Py m o y n y

Legend:

CDS s upstreany downstream = Intron

1 EXRUBAEEANE FINEFLH

Fig.1  The intron—exon structures of UBA genes in maize
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Table 3 The secondary structure and subcellular location of UBA protein in maize %
HEABTR o~ B I RS R4 TCHLIN] s VA L 5 iz

Protein name a—helix Extended chain structure B-corner Random coil Subcellular localization
ZmUBA1 41.58 16.94 7.14 34.35 Nucleus
ZmUBA2 41.95 17.42 7.20 33.43 Nucleus
ZmUBA3 45.81 16.19 7.62 30.38 Nucleus
ZmUBA4 41.26 20.00 7.86 30.87 Nucleus

44 F oK ZmUBA 38 1) 4549 T 45 51 3k
W, - SR BELE AL BT o LG5 K, 7E 41.26% ~ 45.81%;;
YRR TCHLI A 454 , 76 30.38% ~ 34.35%; 9 &
HELE A A B-FE F S5 H T o5 el /N, R i — )
SER UL oo SRR AN TG R A i 2544 o 32 o 40
PELE SRR 44 ZmUBA B 998 7 AR A Az vh
(R 3), UL W] £ oK UBA £ [ 270 40 M A N R 4%
EHL

HIHIE RIS I FI/N A UBA 5 F0K UBA 4R
FECR GEalb AL A (181 2) 0 X0 IR 400 R A
B IR FORA/INA ) UBA 2 FBOARTLE R =5
UL WITEAR ) A o B FDSUT A8 ) 22 i UBA
RN B ZAFAE , UBA TR F AR R . 5]
FEX A5 RAUEW] , FoK UBA 2 -5 HAWAAY) 1751
FRAAPEAR T L I HA 5 07 B 1€ HARST A9 BE
LIRGLFER , X — SRR UE TS N R AL E

2.2 EX UBAERERFIIL TR GEH LB D7 HARSFIE(E 3),
100 ZmUBA1
100 ZmUBA2
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100] AtUBA2
' AtUBA1
00 ZmUBA4
99 ZmUBA3
— TaUBA3

—
0.02

B2 FEX.BUEFFNEZEUBAZRBRRSEHAK

Fig.2 Phylogenetic tree of UBA protein in maize, Arabidopsis thaliana and wheat
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Fig.3 Alignment of amino acid sequence among maize and Arabidopsis, wheat UBA
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Fig.4 Expression level of ZmUBA in various tissues of maize
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